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I. INTRODUCTION

This report presents e second annual summary of research at Ohio

State sponsored by the Joint Services Electronics Program (JSEP). The re-

search is in the area of electromagnetics and the specific topics are:

(1) Diffraction Studies; (2) Hybrid Techniques; (3) Antenna Studies, (4)

Time Domain Studies; and (5) Adaptive Array Studies.

The following sections summarize the significant accomplishments of

the program (Section II) and the research by work unit (Section III). Re-

searchers and their publications are listed under each work unit. A listing

of the present research programs at the Laboratory and all reports and papers

published by the Laboratory during the past year are given in the Appendices.
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II. SIGNIFICANT ACCOMPLISHMENTS

The diffraction coefficients and other parameters of the uniform Ge-

ometrical Theory of Diffraction (GTD) obtained by Kouyoumjian and Pathak

and their associates have been employed in many computer codes for calcu-

lating the patterns of reflector antennas and antennas on aircraft, missiles,

satellites, ships and in other environments. These codes have been widely

used in both the U. S. and Western Europe; they have been found to give

surprisingly accurate results. It is reasonable to expect that these codes

will be updated, using the recent contributions described here, in order V
to increase both their versatility and accuracy. In the present period

the contributions in diffraction theory of greatest importance are the uni-

form expressions for the fields diffracted at convex surfaces, where the

source may be either on or off the surface, and at vertices. They have

already been incorporated in the ElectroScience Laboratory codes. The dif-

fraction coefficient for two closely-spaced edges was just developed this

past summer; hence it is too early to assess the extent of its use. Also,

the importance of a progressing wave version of the uniform GTD in the time

domain has not been fully explored; however, it has been demonstrated to

be useful in determining the early-time responses to EMP illumination. In

addition to the oral and written papers, a further effort was made to dis-

seminate the new uniform GTD results. Invited lectures were presented at

two symposia and two book chapters were written.

Using combined GTD and Moment Method (hybrid) techiques, the very

useful diffraction coefficient for a cylindrically truncated planar surface

has been completed for both hard and soft boundary conditions and for a

source either on or off the planar surface. This coefficient is partic-

ularly useful in the analysis and design of horn and reflector antennas

with low side and back lobes.
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Many practical antenna applications involve monopole-type antennas

mounted near the edge of a surface or structure. Significant progress has

been -made during the present program in developing a useful mathematical

model for a wire attached to a surface near the edge of the surface. Also,

an improved representation of a nonrectangular surface in terms of polygon-

shaped surface current patches has been obtained.

Perhaps the most significant accomplishment of our time domain research

during the present contract period has been the establishment of a firm

understanding of how the various methods for extracting parameters from

a noisy transient waveform compare. The superiority of an eiqenanalysis

method was determined as was/its relationship to the noise present in the

siqnal. A method, using eiqenanalysis, was also developed for finding

that difference equation best suited to various signal records from a tar-

get. With this in hand, the needed preprocessing noise treatment can now

be studied. A new geometrical method using signal flow graphs and the K-

Pulse concept has been developed for obtaining the complex natural resonances

of finite conducting objects. The geometrical approach has been applied

to predict the resonances of spherical and wire objects. Oral papers have

been presented and invited papers written to disseminate the results of

our time domain work.

Adaptive antenna arrays are playing an increasingly important role

in interference-resistant communications. During the past year an improved

LMS loop has been developed to eliminate time constant variation with sign-

nal power and hence improve the dynamic range of an adaptive antenna sys-

tem. Also, the problem of grating lobes, which normally occur for widely

spaced elements, has been solved by properly selecting the element patterns

in an adaptive array of widely spaced elements. Polarization flexibility

has been studied and found to greatly enhance the performance of an adaptive

antenna system. Polarization control can be used to make a communications

system much more resistant to intentional interference. Significant improve-

ment also has been made in acquisition of a desired signal in the presence

of interference by using a power optimization algorithm.
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III. RESEARCH SUMMARY

A. Diffraction Studies

Researchers: R. G. Kouyoumjian, Professor (Phone: (614)422-7302)

R. Tiberio, visiting Professor

P. H. Pathak, Senior Research Associate d
N. Wang, Senior Research Associate

T. Jirapunth, Graduate Research Associate

Accomplishments

During the present contract period the work accomplished in extending

the uniform geometrical theory of diffraction (UTD) has been substantial. C
This is composed of the research and writing which is detailed in the par-

agraphs to follow.

1. Diffraction at Convex Surfaces

a. Diffraction at the shadow boundary of a smooth

convex surface

A paper entitled "A Uniform GTD Analysis of the Scattering of Electro-

magnetic Waves by a Smooth Convex Surface" has been written by P. H. Pathak,

W. D. Rurnside and R. J. Marhefka. This paper has been accepted for pub-

lication in the IEEE Transactions on Antennas and Propagation.

In this paper an approximate asymptotic high frequency result is oh-

tained for the field scattered by a smooth, perfectly-conducting convex

surface when it is excited by an arbitrary electromagnetic wavefront. This

asymptotic result is uniform in the sense that it is valid within the tran-

sition regions adjacent to the shadow boundaries where the pure

ray optical solution based on the geometrical theory of diffraction (GTD)

4
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fails, and it reduces to the GTD solution in terms of the incident, reflected,

and surface diffracted rays exterior to the transition regions where the

latter solution is indeed valid. This result employs the same ray paths

as in the GTD solution, and it is expressed in the simple format of the

GTD; therefore, it may be viewed as a uniform GTD solution for this problem.

In that this solution is developed in the GTD format, it can be conveniently

and efficiently applied to many practical problems. For example, it could

be used to analyze the scattering effects of the mast on a ship, the fuse-

lage of an aircraft, etc.

b. The radiation from sources on a convex surface

A paper entitled "A Uniform GTD Solution for the Radiation from Sources

on a Perfectly-Conducting Convex Surface" written by P. H. Pathak, N. Wang,

W. D. Burnside, and R. G. Kouyoumjian has been submitted for publication

to the IEEE Transactions on Antennas and Propagation. An oral version of

this paper was presented at the International IEEE/APS Symposium in Seattle,

Washington held June 18-?2, 1979.

A compact, approximate asymptotic solution is developed in this paper

for the fields radiated by antennas on a perfectly-conducting smooth convex

surface. This high-frequency solution employs the ray coordinates of the

GTD. In the shadow region, the field radiated by the source propagates

along Keller's surface diffracted ray path; whereas in the lit region, the

incident field propagates along the geometrical optics ray path direct

from the source to the field point. These ray fields are expressed in

terms of Fock functions; they reduce to the geometrical optics field in

the deep lit region and remain uniformly valid across the shadow boundary

transition region into the deep shadow region. Surface ray torsion, which

affects the radiated field in both the shadow and transition regions, ap-

pears explicitly in the solution as a torsion factor. The radiation pat-

terns of slots and monopoles on cylinders, cones and spheres calculated

from this solution agree very well with those obtained from exact solu-

tions. In addition, the solution accurately predicts the measured radi-

ation patterns of slots and monopoles mounted on a prolate spheroid.

5



c. Mutual coupling between antennas on a convex surface

A paper entitled "Ray Analysis of Mutual Coupling between Antennas

on a Convex Surface," by P. H. Pathak and N. N. Wang is now in manuscript

form and will be submitted for publication very shortly to the IEEE Trans-

actions on Antennas and Propagation. An oral version of this paper was

presented at the International IEEE/APS Symposium in Seattle, Wash. held

June 18-22, 1979.

In this paper, an asymptotic high frequency solution ; presented for

the electromagnetic fields induced on an arbitrary smooth, convex conducting

surface by an infinitesimal magnetic or electric current moment which is

placed on the same surface. These surface fields propagate along Keller's

surface ray paths, and their description remains uniformly valid along the

rays including the inmmediate vicinity of the source. An important feature

of this solution is that the effect of surface ray torsion on the surface

ray fields is explicitly identified. This solution can be readily employed

to calculate the mutual couplinq between antennas on a convex conducting

surface in an efficient and accurate manner. Numerical results for the

mutual coupling between slots and also between short, thin monopoles which

are located on a conducting cylinder, cone, and a prolate spheroid are pres-

ented to demonstrate this.

d. The radiation and scattering from conducting surfaces with

a surface impedance loading

A paper entitled "Radiation from Sources on Perfectly-Conducting Con-

vex Cylinders with an Impedance Surface Patch" is being written by L. Ersoy

and P. H. Pathak and will be submitted for publication to the IEEE Trans- [
actions on Antennas and Propagation. An oral version of this paper was

presented at the International IEEE/APS Symposium in Seattle, Washington V
held June 18-22, 1979.
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This paper deals with an asymptotic high frequency analysis of the

radiation patterns of a maqnetic line source, or a magnetic line dipole,

located on a uniform impedance surface patch which partly covers an elec-

trically large, perfectly conducting convex cylinder. This work is relevant,

for example, to the study of fuselage mounted airborne antennas for sat-

ellite communication purposes. In the latter application it is of interest

to see if an impedance surface patch can be employed to increase the radi-

ation intensity in the vicinity of the horizon over that which would ordi-

narily exist in the absence of such an impedance loadinq.

In the present analysis, the impedance surface patch is seen to con-

stitute an equivalent aperture in the rest of the perfectly conductinq

convex cylinder. Approximate asymptotic expressions for the "equivalent

aperture distribution"; i.e., for the "currents on the imoedance surface

patch" are developed in this work for the two source types; these expres-

sions for the currents are valid in the neighborhood of each source. The

radiation pattern of this configuration is then found in a straiqhtfor-

ward manner by numerically integrating this current distribution in con-

junction with a simple and accurate asymptotic high frequency form of the

perfectly conducting, convex cylinder Green's function (rather than the

usual free space Green's function). Since the cylinder Green's function

is employed, one needs to integrate only over the currents which exist

on the impedance surface patch (i.e., over the equivalent aperture) and

not over the currents on the remaining, perfectly conducting portion of

the cylinder.

Radiation pattern calculations based on this analysis are found to

compare quite well with those of a moment method type solution and also

with some presently available experimental results for this Problem. It

is seen that a moderately larqe increase in the radiation intensity can

he ohtained in the vicinity of the horizon for cylinders loaded by an im-

nedance surface.

7



2. Extensions of Edge Diffraction

Consider a high-frequency EM field obliquely incident on the perfectly-

conducting curved wedge as shown in Figure A-I. ES indicates the planes

tangent to the convex surfaces of the curved wedge at the point of diffrac-

tion QE" The diffraction coefficients given by Kouyoumjian and Pathak
4

are valid in the exterior region away from the planes ES; in particular,

they remain valid at and near the shadow boundary SB and the reflection

boundary RB, where the earlier expressions given by Keller fail. However,

the diffraction from surface rays Sr excited at 0E must be included in

the reqion near ES and in the region between ES and Sr . Thus a natural

first step to improve the present GTD solution for the curved wedge is

to determine these surface ray contributions. Additional improvements

can be made by extending the present treatment of wedge diffraction to

include the illumination by non ray-optical fields, such as transition

reqion fields or the fields from sources very close to the edge. The ac-

complishments in the research on the edge diffraction of transition region

fields will be described first.

a. Edge illumination by non ray-optical fields

A paper entitled "A Uniform GTD Solution for the Diffraction by Strips

Illuminated at Grazing Incidence" by R. Tiberio and R. G. Kouyoumjian ap-

pears in the December 1979 issue of Radio Science.

The contents of this paper are related to the more general case of

diffraction by a pair of nearby, parallel edges, where one edge lies on

the shadow boundary of the other. The method of analysis is described in

a paper entitled "An Analysis of Diffraction at Edges Illuminated by Tran-

sition Reqion Fields", which has been written hy R. Tiberio and R. G.

Kouyoumjian and will be submitted to Radio Science.

8
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In this paper a solution for the field of the doubly-diffracted ray

is obtained by a spectral extension of the uniform GTD. Expressions for

the diffracted field are given for plane, cylindrical and spherical wave

illuminations. Incidence oblique to the edges is also considered. These

expressions reduce to a closed form at the shadow boundaries and outside

the overlapping transition regions where the results coincide with those

obtained by the uniform GTD augmented by slope diffraction. The solutions

to the scalar problems are then used to derive a dyadic diffraction coef-

ficient for the doubly-diffracted field in the ray-fixed coordinate system.

To evaluate and test this solution, it has been applied to calculate

the fields diffracted and scattered from a number of geometries involving

interacting edges, which are illuminated at grazing incidence, e.g., the
strip, staggered parallel plates, the thick edge, the rectangular cylinder,

and the aperture in a thick screen. Comparisons with numerical results ob-

tained by other methods are excellent even though the surface exposed to

grazing incidence is no more than a few tenths of a wavelength wide. A

paper describing these calculations (except for the strip and the aperture

in a thick screen) is now in manuscript form.

The diffraction by a slit in a thick screen involves a pair of inter-

acting thick edges. A paper entitled "Application of the Uniform GTD to

the Diffraction by an Aperture in a Thick Screen" was presented by R.

Tiherio and R. G. Kouyoumjian at the IEEE/APS Symposium in Seattle, Washington

held June 1P-??, 1979. A written version of this paper, which contains

some additional analysis, is planned.

b. Edqe-excited surface rays

Curved wedges occur as a part of many practical antenna and scattering

shapes, e.g., the edge of a reflector antenna, the base of conical and cyl-

indrical structures, and the trailing edge of wings and stabilizers. A

curved wedge may have a plane surface; however, the edge-excited surface

10
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rays do not have to be introduced separately at this surface. They occur

as part of the space ray system. At a concave surface formina a curved

wedqe, multiply-reflected waves and whispering gallery modes are excited.

In the case of the convex surface, outside the region where there

is a confluence of the edge and curved surface shadow boundaries, the ex-

citation of the surface rays Sr at QE in Figure A-i has been determined

from the GTD parameters which are presently available. A paper describing

this research is in manuscript form.

3. Vertex Diffraction

In many practical antenna problems one encounters situations where

an antenna radiates in the presence of finite, planar structures with

edges which terminate in a vertex (or corner), e.g., an antenna radiating

in the presence of a finite, rectangular ground plane. Also, flat plates

with edges are used in the modeling of aircraft wings and vertical or hori-

zontal stabilizers for analyzing on-aircraft antenna patterns. In the

above problems, the antenna pattern is affected by the diffraction of electro-

magnetic waves not only by the edges but also by the vertices or corners.

The problem of electromagnetic vertex diffraction is rather compli-

cated. A formally exact eigenfunction solution has been obtained earlier
1at the ElectroScience Laboratory ; however, this solution is not given

in terms of simple functions and it is therefore quite difficult to im-

plement in the GTD format. Some approximate, asymptotic high-frequency

solutions to the vertex or corner diffraction problem have been presented

for the acoustic case 2'3. While these solutions constitute a first step

in obtaining useful solutions, they are not uniform in that the vertex

diffraction coefficient obtained is not valid along the vertex and edge

shadow boundaries where the edge and vertex diffracted fields assume their

greatest magnitude arid importance. It is therefore desirable to begin

a study of vertex diffraction with a view toward obtaining a vertex dif-

fraction coefficient which remains valid at and close to these boundaries.

! -I,



Presently, a vertex diffraction coefficient has been obtained via an asymp-

totic evaluation of the radiation integral which employs the equivalent

edge currents that would exist in the absence of the vertex. The vertex

diffraction term is then found by appropriately (but at present empirically)

modifying the asymptotic result for the radiation integral which is char-

acterized by a saddle point near an end point. This diffraction coeffi-

cient is still in the initial stages of its development. However, it has

been shown to very successfully predict the corner effect for numerous plate

structures. A paper describing this vertex diffraction coefficient is planned.

4. Time-domain GTD Ii

The development of a time-domain version of the GTD in terms of pro-

gressing waves is of value because some of the advantages of the GTD in

the frequency domain carry over directly to the transient analysis. For

example, the method may be applied to complex shapes which occur in practice ii
and the resulting solution in terms of ray contributions easily can he

identified with the radiation mechanisms involved (reflection, edoe dif-

fraction, surface diffraction, etc.). These transient solutions may be

used to determine the response of objects exposed to EMP or to study prob-

lems connected with target identification. Also, it is often possible

to test and compare high-frequency solutions more conveniently by inversely

transforming them to the time domain.

Recently the transient responses of currents and charges induced on

a perfectly-conducting plane surface bounded by edges were considered.

The responses in the early-time period, which can be found by inversely

transforming the high frequency solutions, were of interest. The suita-

bility of several asymptotic edge-diffraction solutions was examined.

It was found that the uniform GTD4 provides the best solution for early

and intermediate times following the arrival of the edge-diffracted wave-

front. The currents and charges on the plane surface are represented as

the sum of a geometrical optics contribution and contributions from rays

singly and doubly diffracted from the edges. The problem of a perfectly-

12
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rays do not have to be introduced 3eparately at this surface. They occur

as part of the space ray system. At a concave surface forming a curved

wedae, multiply-reflected waves and whispering gallery modes are excited.

In the case of the convex surface, outside the region where there

is a confluence of the edge and curved surface shadow boundaries, the ex-

citation of the surface rays Sr at QE in Figure A-i has been determined

from the GTD parameters which are presently available. A paper describing

this research is In manuscript form.

3. Vertex Diffraction

In many practical antenna problems one encounters situations where

an antenna radiates in the presence of finite, planar structures with

edges which terminate in a vertex (or corner), e.g., an antenna radiating

in the presence of a finite, rectangular ground plane. Also, flat plates

with edqes are used in the modeling of aircraft wings and vertical or hori-

zontal stabilizers fnr analyzing on-aircraft antenna patterns. In the

above problems, the antenna pattern is affected by the diffraction of electro-

magnetic waves not only by the edges but also by the vertices or corners.

The problem of electromaqnetic vertex diffraction is rather compli-

cated. A formally exact eiqenfuncion solution has been obtained earlier

at the ElectroScience Laboratory ; however, this solution is not given

in terms of simple functions and it is therefore quite difficult to im-

plement in the GTD format. Some approximate, asymptotic high-frequency

solutions to the vertex or corner diffraction problem have been presented

for the acoustic case2'3  While these solutions constitute a first step

in obtaining useful solutions, they are not uniform in that the vertex

diffraction coefficient obtained is not valid along the vertex and edge

shadow boundaries where the edge and vertex diffracted fields assume their

greatest magnitude and importance. It is therefore desirable to begin

a study of vertex diffraction with a view toward obtaining a vertex dif-

fraction coefficient which remains valid at and close to these boundaries.
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Presently, a vertex diffraction coefficient has been obtained via an asymp-

totic evaluation of the radiation integral which employs the equivalent

edge currents that would exist in the absence of the vertex. The vertex

diffraction term is then found by appropriately (but at present empirically)

modifying the asymptotic result for the radiation integral which is char-

acterized by a saddle point near an end point. This diffraction coeffi-

cient is still in the initial stages of its development. However, it has

been shown to very successfully predict the corner effect for numerous plate

structures. A paper describing this vertex diffraction coefficient is planned.

4. Time-domain GTD

The development of a time-domain version of the GTD in terms of pro-

gressing waves is of value because some of the advantages of the GTD in

the frequency domain carry over directly to the transient analysis. For

example, the method may be applied to complex shapes which occur in practice

and the resulting solution in terms of ray contributions easily can he

identified with the radiation mechanisms involved (reflection, edoe dif-

fraction, surface diffraction, etc.). These transient solutions may be

used to determine the response of objects exposed to EMP or to study proh-

lems connected with target identification. Also, it is often possible

to test and compare high-frequency solutions more conveniently by inversely

transforming them to the time domain.

Recently the transient responses of currents and charges induced on

a perfectly-conducting plane surface bounded by edges were considered.

The responses in the early-time period, which can be found by inversely

transforming the high frequency solutions, were of interest. The suita-

bility of several asymptotic edge-diffraction solutions was examined.

It was found that the uniform GTD4 provides the best solution for early

and intermediate times following the arrival of the edqe-diffracted wave-

front. The currents and charges on the plane surface are represented as

the sum of a geometrical optics contribution and contributions from rays

sinqly and doubly diffracted from the edqes. The nroblem of a perfectly-
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conducting strip was treated. A paper descrihinq this work was pre, -,it.d

at the IEEE/APS Symposium held in Seattle, Washington from June 18-22, 1q7q.

A written version of this paper is planned.
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gation. (This work has been jointly supported by JSEP and NASC Con-

tract No. NOOO1Q-78-C-0524.)

5. "An Analysis of Diffraction at Edges Illuminated by Transition Region

Fields", by R. Tiberio and R. G. Kouyoumjian, paper submitted to J.

Radio Science. (This work has been jointly supported by JSEP and NOSC)

II. Book Chapters

1. "The Uniform Geometrical Theory of Diffraction and it's Application

to Electromagnetic Radiation and Scatterinq", by R. G. Kouyoumjian,

P. H. Pathak, and W. D. Rurnside, in: Recent Developments in Classical

Wave Scatterinq - Focus on the T-matrix Approach, eds. V. K. Varadan

and V. V. Varadan, Perqamon, New York, pp. 373-397, in press.

9. "A Uniform GTD for the Diffraction hy Edges, Vertices, and Convex Sur-

faces", hy R. G. Kouyoumjian, P. H. Pathak, and W. D. Rurnside, 1r

paqes in Theoretical Methods for Determining the Interaction of Electro-

magnetic Waves with Structures, ed., J. K. Skwirzynski, Sijthoff and

Noordhoff, Netherlands, in press.
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Il1. Theses and Dissertations

1. "Radiation by Sources on Perfectly-Conducting Convex Cylinders with

an Impedance Patch" by L. Ersoy (Dissertation). (This work has been

supported in part by JSEP and Air Force Cambridqe Research Center

Contract Fl96?R-77-C-1O07.

?. "Early-Time Response of Currents and Charaes Induced on Perfectly-Con-

ducting Wedqe and Strips" hy T. JiraDunth (Thesis). (This work has

heen supported in part by JSEP and Dikewood Industries, Inc. on suh-

contract DS-SC-77-01).

IV. List of Oral Papers Presented at the 1979 International AP-S/URSI

Symposium in Seattle, Washington, June 18-22, 1979:

1. "A Uniform GTD Solution to the Radiation from Sources on a Perfectly-

Conducting Convex Surface", P. H. Pathak, N. Wang, W. D. Burnside and

R. G. Kouyoumjian.

2. "Application of the Uniform GTD to the Diffraction by an Aperture in

a Thick Screen", R. Tiberio and R. G. Kouyoumjian.

3. "The Early-Time Responses of Currents and Charqes on Wedqes and Strips",

T. ,lirapunth and R. G. Kouyoumjian.

4. "An Analysis of the Mutual Couplinq Between Antennas on a Smooth Convex

Surface", P. H. Pathak and N. N. Wang.

m. "Radiation by Sources on Perfectly Conducting Convex Cylinders with

an Impedance Surface Patch", L. Ersoy and P. H. Pathak.
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V. Lectures

1. "The Uniform GTD and its Application to Electromagnetic Radiation

and Scattering", by R. G. Kouvoumjian, at the International Symposium

on: Recent Developments in Classical Wave Scattering - Focus on the

T-matrix Approach, The Ohio State University, Columbus, Ohio, June
?q-27, IQ79. I

2. "A Uniform GTD for the Diffraction by Edoes, Vertices, and Convex Sur-

faces", by R. G. Kouyoumjian and P. H. Pathak, at the NATn-Advanced

Study Institute on Interaction of EM Waves with Structures, Norwich,

England, July 23-Auqust 4, 1q79.
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B. Hybrid Techniques

Researchers: W. D. Burnside, Research Scientist and

Adjunct Associate Professor (Phone: (614)422-5747)

G. A. Thiele, Associate Professor (Phone: (914)4?2-1760)

C. Chuang, Senior Research Associate

S. Goad, Graduate Research Associate

L. Henderson, Graduate Research Associate

Accomplishments

1. GTD-MM Studies

The numerical solution for the diffraction coefficient for a cylin-

drically truncated Dlanar surface has been completed for both the hard-

and soft-boundary cases. The source may be either mounted on or moved off

the planar surface. The receiver is in the far field of the structure.

Using this solution, calculation of the complete radiation pattern is very

efficient and the computation time is almost independent of the radius of

the curved surface. An example comparing the numerically-derived diffraction

coefficient with the corresponding half-plane solution and Senior's solu-

tion for the case where a magnetic line source is mounted on the planar

surface is shown in Figure B-i. Some illustrations of the use of this dif-

fraction coefficient solution are discussed in the following paragraphs.

In the first case, it is used to determine the pattern of an axial

slot mounted on a two dimensional cylinder as shown in Figure B-2. The

agreement between the measured and calculated results is excellent.

Next, it is used to analyze the E-plane pattern of the horn confiqu-

ration shown in Fiqure R-3. Aqain, excellent agreement between the measured

and calculated results is ohtained in the reqion 0 -1?0 . The measured

nattern for the reqion l?0" ;1RO exceeded the ranqe capahility such that

one could not ohtain accurate low level radiation values.

17
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The application of this diffraction coefficient solution to the desiqn

of a modified horn is very significant because a properly designed horn

terminated by curved surface sections has several important features: 1)

Both the side lobe ripple and the back lobe are greatly reduced by the ad-

dition of the curved surface sections as can be seen from Figure B-3 where

a measured E-plane pattern of the conventional horn was included for com-

parison. ?) The virtual source of radiation in the main beam remains fixed

at the horn vertex. 3) The change in the pattern is small over a broad

frequency band as shown in Figure B-4. 4) A very low SWR can be obtained.

The pattern of a corruqated horn also possesses the first two features.

However, a corruqated horn is relatively frequency sensitive and expensive

to design and build. In contrast, a horn terminated by curved surface sec-

tions is easier to huild and, with this diffraction coefficient solution,

desiqning such a horn is very inexpensive and straightforward.

Finally, the diffraction coefficient solution is applied to the calcu-

lation of the radiation pattern of a parabolic cylinder reflector antenna.

The reflector is terminated by curved surface sections as shown in Figure

B-5(a). The primary feed is placed at the focus and has a feed pattern
-y

of the form e . Figure B-5(b) shows the resultant radiation pattern and

Figure B-5(c) the radiation pattern of the same reflector antenna except

that the curved surface termination is removed. Comparison of the two pat-

terns shows that the addition of the curved surface sections slightly raises i

the side lobe level but significantly reduces the hack lobe level. By using

the technique employed in Reference 1, this numerically derived diffraction

coefficient solution also can be applied to the calculation of the radi-

ation pattern of a three-dimensional reflector antenna.

9. MM-GT Studies

The MM-GTD technique has been successfully extended to the case where

a wire antenna is mounted on a curved surface. Figure B-6 shows the effect

of the curvature of a circular cylinder on the input impedance of a monopole.
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The work is continuing on to the case of two or more monopoles arbi-

trarily positioned on the cylinder so that mutual coupling can be studied.

This work combines the UTD creeping wave theory with the momemt method.

References

1. R. A. J. Ratnasiri, R. G. Kouyoumjian, and P. H. Pathak, "The Wide

Angle Sidelobes of Reflector Antennas", Report 2183-1, March 170,

The Ohio State University ElectroScience Laboratory, Department of

Electrical Engineering; prepared under Contract AF 1Q(623)-5929 for

Air Force Cambridge Research Laboratories, (AFCRL-69-0413)

(AD 707105).

Publications

I. Papers

C. W. Chuang and W. D. Burnside, "A Diffraction Coefficient for a Cyl-

indrically Truncated Planar Surface", has been accepted for publication

in IEEE Transactions on Antennas and Propagation; also an oral paper

was presented at the IEEE/APS Symposium in Seattle, Washinqton, 18-
22 June 1979.

II. Reports

"An Improved Method for Calculatinq the Reflection Point on an Elliptic

Cylinder", hy Lee W. Henderson, Technical Report in oreparation.
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C. Antenna Studies

Researchers: E. H. Newman, Senior Research Associate
(Phone: (614)4??-499g)

D. M. Pozar, Graduate Research Associate

P. Tulyathan, Graduate Research Associate

Accomplishments

The purpose of our research is to develop general-purpose low-freauency

(i.e., applicable to structures not large in terms of a wavelength) computer

techniques for designing and analyzing antennas, including their support

structure. Specifically, this is beinq done by developing a general-pur-

pose computer code using moment-method surface-patch modeling for analyzing

composite wire and surface geometries. Previously a code to analyze com-

hinations of rectangular plates and thin wires, including wire-to-plate

and plate-to-plate junctions, has been developed '. Wire-to-plate junc-

tions were required to be at least O.lx from a plate edge. This year work

was done to improve the basic techniques in three areas:

1) Wire attachments near the edge of a half-plane.

?\ Modelinq of non-rectanqular plates.

3) Improvinq the computational efficiency or speed of the computer

code.

The proaress made in these three areas will now he briefly reviewed.

1. Wire Attachments Near an Edge

The basic attachment mode, applicable to wire attachments away from

the edqe of a plate, enforces that the plate surface current density spreads
out uniformly from the attachment point1 . However, when the attachment
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point is close to an edge the current density no longer spreads uniformly.

For example, for an attachment near the edge of a half-plane more current

goes away from the edge than toward the edge.

Although the eventual goal is to treat attachments near the edge of

a wedge, the initial effort was to analyze a wire attached near the edge

of a half-plane. To gain familiarity, the initial problem studied was a two-

dimensional one, the fields and currents induced by a vector electric line

source near the edge of a wedge3'4 . Next, the half-plane Green's function

was studied to determine the nature or the form of the surface current den-
sity induced by a monopole near the edge of a half-plane. This investi-

qation lead to the development of edge modes (to enforce the edge condition)

and attachment modes (to enforce the non-uniform spreading of the surface-

current density). The success of the surface patch solution is illustrated

in Figure C-i when the input impedance of a monopole near the edoe of a

half plane is computed using an exact MM/Green's solution, a MM/GTD solu-

tion, and the surface-patch solution5'6. The reason for the shift between

the curve for the surface-patch solution and those for the MM/Green's func-

tion and MM/GTD solution is that the latter were computed for a finite Dlate

while the former were for an infinite half-space plane. Next year this

work will be extended to treat attachments near the edge of a wedge.

2. Non-Rectangular Plates

The original code models solid surfaces using rectangular plates I .

This is sufficient to treat rectangular plates, rectangular corner reflectors,

boxes with rectanqular sides, etc. Non-rectanqular flat surfaces can be

modeled by polvqon plates, and even a piecewise flat representation of a

doubly curved surface can be made with polygon plates. Thus, the next qen-

eration code will use polygon rather than rectangular plates. The oriainal

code "covered" the rectangular plate with the rectangular surface-patch

modes shown in Figure C-(a). Polvaon plates are better covered with either

the trapezoidal modes of Figure C-?(b) or the quadrilateral modes of Fiqure

C-?(c). At present we intend to use the trapezoidal modes, Figure C-?(h).
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Figure C-3 shows the trapezoidal modes "covering" an octagonal plate. (Note:

only one current polarization is shown). At present we are able to compute
I the backscattering from polygon plates; however, the more difficult problems

of plate-to-plate and wire-to-plate junctions will be addressed in the future.

I

Figure C-3. Trapezoidal modes on octaqonal plate.

3. Code Efficiency

In order to be useable, a code must run in a reasonable amount of time.

In our surface patch code, and others using Galerkin's methods, a quadruple

inteqration is required to find a qeneral element in the impedance matrix.

If one does not write an efficient and rapidly converqing code, the run

time can easily be on the order of hours, even for a relatively small proh-

lem involvinq less than a wavelenqth of surface area. Some of the tech-

niques we employ to speed up our code have heen published7. Rather than
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detail them here we will simply state that we can analyze a monopole on

a one square wavelength plate with a run time of 115 sec. on the Datacraft

6024 (equivalent to 40 sec. on an IBM 370 or 20 sec. on an Amdahl 470).
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D. Time Domain Studies

1. Time Domain Concepts and Methods

Researchers: n. L. Moffatt, Associate Professor (Phone: (614)42?-57401

E. M. Kennauqh, Professor Emeritus

C. M. Rhoads, Graduate Research Associate

K. A. Shuhert, Graduate Research Associate

Accomplishments

Theoretical and analytical studies of electromagnetic scattering and

radiation by material objects have primarily addressed problems of steadv-

state response to monochromatic excitation. There is an increasing inter-

est, however, in the transient response to aperiodic excitations where con-

cepts, diagnostics and even new and unique applications are often simpl-

fied. For example, fundamental work at this Laboratory on the identifi-

cation of such targets as aircraft, subsurface objects, and ships from radar

data was originally initiated from time domain visualizations.

This section deals with the application of time domain concepts and

methods to electromagnetic scattering and radiation problems. The general

qoals of this research include:

1) Prediction of scattered and radiated waveforms from objects of

increasing complexity for point or plane wave electromagnetic

sources with arbitrary waveforms.

?) Investigation of target-dependent excitation waveforms anr(/or sig-

nal processing algorithms to identify and optimize electromag-

netic response from specific targets.
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Determination of the effects of system bandwidth and noise on

recommended techniques for detection and identification of radar

tarqets.

furinq the present proqram, siqnificant progress has been made in

both the development and extension of basic concepts. In addition, pre-

liminarv versions of methods for the identification of radar targets have

been applied to widely diverse classes of tarqets with extremely encouraqinq

results. This research is summarized in the following paraqraphs. In most

cases the summary is a slightly expanded version of the abstract of a paper

published, accepted for publication or in preparation for publication.

a. Radar target identification

Research on the identification of an object using solely active (radar)

remote sensing data on the object has taken two forms: 1) application of

developed hut incomplete prediction-correlation methods, used in conjunc-

tion with a finite set of excitation invariant target parameters, to par-

ticular classes of objects, and 2) studies to optimize both the techniques

for findinq the aDpropriate target parameters and the interroqating radar

siqnals. Stated another way, the methods inherently invoke broadband siq-

nals because transients are needed hut precisely how broadband and on what

portion of the spectrum is as yet unknown. Only noncooperative tarqets

are considered, although certain of the techniques would also appear to

be attractive for cooperative targets. Another form of radar tarqet identi-

fication which, qiven a ramp response waveform of an object produces iso-

metric three-dimensional images of the object, has evoked some study. On

this research program the interest arises because certain of the excitation

invariant target parameters utilized in prediction-correlation may possibly

lend new insight to radar imagery methods.
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An initial paper "Radar Identification of Naval Vessels," hv n. L.

Moffatt and C. M. Rhoads has been acceoted for publication as a correspnndence

hv the IEEE Transactions on Aerospace and Electronic Systems. This paper

presents a scheme for the identification of naval vessels using active multi-

nile frequency radar amplitude data. A predictor-correlator orocessinq usinq

nominal substructure complex natural resonances of the vessels is apolied

to synthetically generated amplitude-only matched filter response waveforms.

A major virtue of the method is the use of amplitude data only. The identi-

fication method is illustrated usinq measured model data on eight different

vessels in situ. A correct identification probability of roughly 0.77 is

obtained.

A paper "Update on Naval Vessel Identification" by D. L. Moffatt and

C.M. Rhoads was presented at the International IEEE AP-S URSI meetinq in

in Seattle, Washington, June, 1979. In this paper it was demonstrated that

the ship identification method, originally illustrated for aspects confined

to bow-on, stern-on and aheam, could he extended to aspects in the proximity

of these oositions without seriously reducinq the identification quality.

It has become increasinaly evident that discrete freouencv data soan-

ninq in harmonics will not permit, on Qood detail models of the ships, reso-

lution of the actual substructures dominatinq the echo siqnals. To achieve

this type of resolution, swept frequency measurements similar to those dis-

cussed later for aircraft models would be in order. That is, actual pulse

response waveforms of the vessel in situ are needed. Unfortunately this

type of measurement is relatively sophisticated, particularly with the ship

on a ground plane, and therefore expensive both in terms of funding and

personnel. There is some question, at this stage, as to the advisibility

of continuing to work with experimental data. An analytical approach to

predicting the echo signals from much simpler ship models on a sea surface

may he a more reasonable alternative. Some initial study along this line

has been made1  At this time a decision has not heen made, hut the in-

creasino cost of technician-aided experimental measurements may force the

analytical mode.
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A paper "Ship Identification Via Radar"* hv D. L. Moffatt and C. M.

Rhoads has heen accented for publication in the IEEE Transactions on An-

tennas and Propaqation, Special Issue on Inverse Scattering and Related

Topics. This paper presents a scheme for the identification of naval vessels

using discrete, harmonically- related, multiple-frequency radar amolitude

data. A predictor-correlator processing is applied to synthetically-oro-

duced matching-filter-type response waveforms. Prediction is based on a

finite set of difference equations unique to each vessel in the classes

considered. A combination of the geometrical complexity of vessels and

the sea environment dictates interrogating frequencies in the mid-resonance

range of the vessel. Depending on vessel class, electrical hull lengths

of (0.6-1.8) to (6.0-18.0) wavelengths are used. The difference equations

can be viewed as being associated with substructure features of the vessels.

The identification method is demonstrated using measurements (300 ele-

vation anqle, aspects concentrated around how-on, stern-on and abeam) of

detailed models of specific vessel classes with model scales of 100:1 and

700:1. The ships are measured in a simulated natural environment thus sea-

vessel interactions, an imoortant scattering mechanism, are included. The

effects of noise on the identification process, over and above that inher-

ently present in the measured data, are demonstrated.

A paper "A Characterization of Subsurface Radar Tarqets" by Luen C.

Chan, David L. Moffatt, and Leon Peters, Jr. was published in the Proceedings

of the IEEE, Vol. 67, No. 7, July 1979. The capability of subsurface target

identification at shallow depths has been demonstrated using an electromaq-

netic video or baseband pulse radar. Real radar measurements were collected

for five targets at a depth of 5 cm for various ground conditions. These

*As of the final preparation of this report, the papers identified hy *

or ** are to be combined into two invited papers in the IEEE Transactions

on Antennas and Propaqation, Special Issue on Inverse Scattering and Re-

lated Topics.
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measurements were processed for target characterization and identification.

Identification performance based on a single radar observation was eval-

uated. The identification process requires only simple algebraic operations

and thus offers the potential of real-time on-location identification of

subsurface targets.

A paper "Estimation of the Complex Natural Resonances. A Class of

Subsurface Targets" by L. C. Chan, D. L. Moffatt, and L. Peters, Jr. was

published in the Proceedings of the International Symposium and Workshop
on Recent Developments in Classical Wire Scattering: Focus on the T-Matrix
Approach, The Ohio State University, June, 1979. This paper is also sched-

uled to be published in a book by Pergamon Press. This paper summarizes

a study of the characterization of subsurface targets by their complex

natural resonances. The methodology in estimating the complex natural reso-

nances of these targets is emphasized. A method for extracting the resonances

from the backscattered waveforms is derived for completeness. The method

is known as Prony's method and, when applied to measured data, it is ex-

tremely sensitive to the values of its parameters. An approach to solve

certain of these problems is presented. Prony's method is applied to the

measured backscattered waveforms and an analysis of the resulting resonances

is presented.

A paper "Systematic Imaging Techniques for Subsurface Targets"** by L.

C. Chan, D. L. Moffatt and L. Peters, Jr. has been accepted for publication

in the IEEE Transactions on Antennas and Propagation, Special Issue on In-

verse Scattering and Related Topics. This paper focuses on synthetic imaging

techniques for subsurface targets from their backscattered fields and the

special problems introduced by the ground. The ground is modeled as in-

finite, homogeneous and frequency-independent. The constitutive parameters,

namely, conductivity, permittivity, and permeability, are assumed to be con-

stant with respect to both location and frequency. Both 2- and 3-dimensional

perfectly conducting targets are considered. The incident fields are assumed

to he plane waves. In ohtaininq the backscattered fields from these tar-

qets, the physical optics approximation is used. Such an approximation
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enables the target geometry to appear explicitly in the expression for the

time-domain backscattered field and thus greatly enhances the possibility

of target imaging. The goal of this paper is to determine the extent that

the profile function can be evaluated when loss is introduced. The solution

is valid in the region where the high frequency approximation to the propa-

gating factor may be used.

A paper "Improved Performance of a Subsurface Radar Target Identifi-

cation System Via Antenna Design"** by L. C. Chan, L. Peters, Jr. and D.L.

Moffatt has been accepted for publication in the IEEE Transactions on An-

tennas and Propagation, Special Issue on Inverse Scattering and Related

Topics. In this paper a subsurface tarqet identification radar is improved,

primarily by modifyinq the antenna and its associated hardware. The identi-

fication capability of the improved design is compared with that of the

original system and significant improvement noted. This improvement is

obtained by a reduction in the siqnal-to-clutter rat;-.

A paper "Measured Pulse Response Waveforms of A "craft and Identification

Potential"* hy D. L. Moffatt, K. A. Shubert and E. M. Kennauqh has been ac-

cepted for publication in the IEEE Transactions on Antennas and Prooagation,

Special Issue on Inverse Scattering and Related Topics. Measured pulse

response waveforms of five modern fighter aircraft, the F-104, F-4, F-5,

F-15 and MIG-?1, are reported. The measurements are for vertical polari-

zation, i.e., polarization perpendicular to the plane of flight, and se-

lected aspects in that plane. The measured pulse responses are synthetically

produced from step-type swept frequency scattering measurements spanninq

the frequency ranqe 30.0 to 56.0 MHz. Certain responses for the range 0. n

to 112.0 MHz for a larqer cavity containing a cone-cylinder shape are also

presented. An excitation invariant linear homoneneous difference eQuatinn

is derived from multiple aspect nolse rpsponsew of i tarqet. The impli-

cations of these results in terms of suhstructure complex natural resonancps

and the radar identification of aircraft in the frequency range 3n.n to

112.n MHz are discussed.
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Naval vessels, aircraft and subsurface ohjects clearly comprise three

widely diverse classes of targets. Two of these classes also involve an

ambient medium which makes identification a more Derverse nrohlem. In each

case the actual interrogating siqnal waveforms were very different but the

processinq and identification techniques nearly identical. No claim can

be made at this time that the signaling waveforms and processing are optimum

either in terms of implementation or simplicity. Nevertheless the methods

do work, and in the presence of moderate noise. A common factor, some suh-

set of the excitation invariant parameters of the tarqet, is involved in

each of the methods.

h. Radar ImageryI
A paner "A Chronoloqical History of Radar Taraet Imaaorv at The Ohio

s tate University" by 0. L. Moffatt was presented at the International IEEE

AP-S/IJRSI Symposium in Seattle, Washinaton in June, 1q79. In this

paper a chronoloiical history of the development of radar tarqet imaaery

methods at The Ohio State University was presented. This history dates

from the late 10 40's when Prof. E. M. Kennaugh and his colleaques first

presented the physical optics approximation for electromaqnetic backscattering

as a function of target cross section along the radar line-of-siqht and

related the cross section to the time-dependent target response for an a-

periodic ramp-type excitation. The first application of these results,

to predict the axial backscatter of a 10:1 conductinq prolate spheroid,

was briefly reviewed with emphasis on what was known at that time about the

target and on the tarqet image which would have resulted.

The paper also reviewed the impulse response conceot (formalized in

10Aq by Kennauah and Moffatt) and tonics directly related to tarpet imaoinn,

namplv, target cross sectional areas, frequencies of free or natural nscil-

1,itinns of an ohipct and time domain interpretations of rav optics results.

The nonnhvrical nature of certain Qeometrical theory of diffraction results

and the use of such estimates in target imane production was stressed and

it was demonstrated that dielectric ohjects can be easily imaged, thprehy
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circiimventinq the usual conductinq target restriction. To the best of the

author's knowledge, the first three-dimensional isometric "picture" of a

finite object was produced by Young in 1970 using linear system concepts

and a new limiting surface procedure. The limitinq surface approach and

a recent natural resonance addition were briefly reviewed. More recent imaoinq

results usinq these concepts were illustrated and the use of a volume error

criterion reviewed. The paper concluded with a discussion and illustratinn

of the freo oscillation frequencies of an object as related to a time-de-

pendent ramp response waveform---the hasic imaqina quantity. From these

results we postulate a correction to the limitina surface procedure which

shows promise of improving ohject imaqe resolution in the shadowed reoion

of the tarqet.

A summary of the results utilized in this Darer is contained in Pef-

erences 2-7. A more complete picture is qiven in References P and Q where

some other approaches to the tarqet identification prohlem are also pre-

senteO.

A paper "Radar Imagery Spectral Content" by 0. L. Moffatt has been

accepted for publication in the IEEE Transactions on Antennas and Propa-

qation, Special Issue on Inverse Scattering and Related Topics. In elec-

tromaqnetics, the physical optics approximation is often employed as a

direct scattering solution in the development of inverse scatterina theories.

This paper examines the consequences, in terms of imaqe quality, of two

decisions related to the physical optics assumption; the soectral soar, Over

which the resultant inversion alqorithm is anplied and the shadow boundary

domain. The exact and approximate canonical response waves (impulse, ston

and ramp) of a conductin sphere, cone-sphere for axial incidencP and cir-

c~lar disk are compared uising several choices for the shadow houndary fPr-

mination. From these results the spectral ranae over which one can safely

oxnloit ohiect area functinn relationships tn the mpasurod scatt(rd field

are deduced.
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c. Difference equation processinq

A qeneral discussion of difference equation processing is qiven in

Reference 10. An abstract of a paper "Least Square Difference Equations"*

hy D. L. Moffatt, E. M. Kennaugh and C. M. Rhoads has heen accepted for

puhlication in the IEEE Transactions on Antennas and Propaqation, Special

Issue on Inverse Scattering and Related Topics. In recent years the conceot

of electromagnetic, excitation invariant, complete natural resonances of

an object has been coupled with a rediscovered technique for extraction

of simple pole models of the resonances (Prony's method) to produce new

results in the radar identification of targets.

In this paper it is demonstrated that extraction of the simple pole

models necessarily involves the solution of an arbitrary Nth order linear

homoqeneous difference equation. It is shown that in a least-squared-error

sense there are really N + ? solutions for the difference coefficients,

one of which is Pronv's method. These solutions are compared, hoth in terms

of total squared error and in terms of extracted simple pole loci, for vari-

ous siqnal-to-noise ratios. An eiqenanalysis procedure is defined which

alwavs yields the minimum total squared error under certain conditions and

it is also shown that Drony's method is raret'v optimum. A procedure for

finding that difference equation which best "fits" several data records

of the same target (aspect or polarization chanoes) is illustrated usino

the eiqenanalysis method.

Tihe solution comparisons are made using a simulated random process

consistinq of a finite sum of known exDonentials with amplitudes and phases

which are random variables plus a noise signal. strictly speaking the am-

plitudes and phases are known if the ohject is known, but for an unknown

tarqet they are random variables. A final section of the paper applies

the eiqenanalysis procedure to measured multiple frequency scattering data

.inA coniectures ar made concerninq the use of complex natural resonances

and difference equiations in imaninq apolications. The question of additional

ns fraints on the ei( enanalvs islsoiton is also discussed.
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2. The K-Pulse

Researcher: E. M. Kennauqh, Professor Emeritus (Phone: (614)42?-Q6QO)

Accomplishments

Considerable detail on the concepts and applications of the K-pulse

is given in Reference 10 and will not be repeated here. In simplest terms,

the K-pulse for a given object of arbitrary shape and composition is designed

such that the response of the object to its K-pulse is of very brief dura-

tion, i.e., a nonoscillatory response. The concept of the K-pulse has per-

mitted derivation of a simple relation between the complex natural frequencies

of an ohject and its shape and composition. A paper "The K-Pulse Concept"

hy E. M. Kennauqh has been submitted to the IEEE Transactions on Antennas

and Propaqation, Special Issue on Inverse Scattering and Related Topics.

In this paper a unique aspect-invariant excitation waveform (K-pulse) is

postulated for an isolated scatterer. This waveform, of finite and minimal

duration, then characterizes the pole spectrum of the scatterer, i.e., those

emDloved in the singularity expansion method and for target identification.

The derivation of this excitation waveform and its relation to one

or more surface waves is illustrated hy several examples. The geometrical

theory of diffraction is used to predict pole spectra for spheres and cyl-

inders. The special properties of the scattered waveforms when the K-pulse

is used for excitation are illustrated and applications to target identi-

fication are discussed.
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3. The Thin Circular Disk

Researchers: D.R. Hodge, Professor (Phone: (614)422-5053)

D.P. Mithouard, Graduate Research Associate

Accomplishments

A report "Electromagnetic Scattering by a Metallic Disk" by Jidier

P. Mithouard and Daniel B. HodQe has been written. The scatterinq of elec-

tromaqnetic waves by finite obstacles can be rigorously found for only two

cases, the sphere and the disk. There exist two exact solutions to the

scatterinq of an electromagnetic plane wave by a circular metallic disk.

Flammer's and Meixner's exact approaches are successively considered and

compared. In the former case, the fields are expanded in spheroidal vector

wave functions, and the scattered field is uniauely determined hy the hound-

ary conditions on the surface of the disk and the edne condition. The Dur-

pose of the present work is to filL. a numerically useful solution valid

everywhere; in particular, it is desired to obtain the surface current and

near fields. A numerical test of the histatic scattered far-field for

normal incidence is presented. Problems encountered in Flammer's solution

for arbitrary incidence are pointed out. The general form of the scattered

field is derived from Meixner's vector potentials. This formulation is

appropriate for near-field calculations. Another proof of Meixner's so-

lution using dependence relations of the spheroidal vector wave functions

is given.

The general far field computer programs which were developed in this

study have proved extremely useful to other researchers. The value of a

rioorous solution for the disk, both as a calibration standard to supple-

ment or replace the sphere and as a test of postulated approximate theories

involvinq an edge, cannot he overemphasized. It is postulated that similar

proorams for the surface currents and charqos would he even more useful.

For example, riqorous solutions for the comnlex natural resonances of an object
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with an edge should evolve. New insight into the noncausal nature of time-

dependent asymptotic solutions would also he ohtained. Unfortunately, sup-

port for the disk studies has terminated. Interest in the research, how-

ever,remains high and will hopefully lead to funding of future studies.
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E. Adaptive Array Studies

Researchers: R. T. Compton, Jr., Professor (Phone: (614)422-5048)

E. C. Hudson, Graduate Research Associate

Accomplishments

During the past year, JSEP funds have been used to support research

on adaptive arrays in four areas:

1) Dynamic range and weight jitter with the improved LMS loop,

2) Element pattern effects on adaptive array performance,

1) Pointinq accuracy requirements for a steered-beam adaptive

array, and

4) The power optimization technique in adaptive arrays.

A short discussion of each of these subjects and our motivation for study-

inq them is given below.

1. Dynamic Range and Weight Jitter with the Improved LMS Loop

During the previous JSEP program (1977-78), the adaptive array re-

search effort was devoted to the problem of time constant variation with

signal power in the LMS array. Time constant variation is a severe problem

in the LMS array. Most communication systems can accept only a limited
ranqp of time constants in the array. As a result, time constant limits

in the communication system hecome dynamic ranQe limits in the adaptive

array. Several alternatives to the LMS feedback loop were studied, and

one in particular was selected as quite promisinq. We refer to it as the

Improved LMS loop I . This loop, which eliminates time constant variation

with signal power, is shown in Figure E-1.
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I

Under the present JSEP program, studies on the performance of this

loop have been continued. These studies have had two purposes. The first

was to evaluate weight jitter (or variance) with the new loop. The second

purpose was to evaluate the effects of multiplier and weiqht saturation

on dynamic ranqe, and to investigate the use of limiters and AGC circuits

in this loop to improve dynamic range.

Studies on weight jitter in the improved loop have been essentially

completed. These studies show that the improved loop holds the amount of

weight jitter fixed, as well as the time constant, when signal Dower varies.

Moreover, we have found that weight jitter in the improved loop is essen- IJ

tially the same as the jitter in an LMS loop whose fastest time constant

is equal to the improved loop time constant. Since the time constant of

the improved loop does not vary with signal power, this result means that

weight jitter is much less of a problem in the modified loop than in the

LMS loop.

Studies on dynamic range limitations due to saturation, and on the

use of limiters and AGCs, are underway but have not yet been completed.

We expect to finish this work during the beginning of the continuation con-

tract.

?. Element Pattern Effects on Adaptive Array Performance

Durinq the year a study was begun of the effects of antenna element

patterns and spacing on adaotive array oerformance. Most adaptive array

studies to-date have assumed isotropic elements. While this assumption

is useful for many purposes, it obscures the effect of the elements on the

overall nerformance. To develop an understanding of this subject, we have

studied the performance of some small arrays using simple dipole elements.

The purpose is to learn how to choose elements and element locations in

a design problem and to determine what tradeoff's exist.
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A case of special interest is the case where the patterns of the ele-

ments in the array are all unequal (i.e., all different from each otherl

and where the elements are widely spaced. This case is important because

a designer may wish to locate elements somewhat arbitrarily on a structure,

such as an aircraft. Tf this is done, the element patterns will usually

he different and the elements may he spaced in an irregular manner, often

more than a half wavelength apart.

flurinq this stidv, we have ,xaminpd two types of problems relating

to this suhipct: ,,e ffects of element patterns on grating nu'ls, and

the effect of element and siqnal polarization on array performance.

The first prhlm jndferti pn wa,, to examine the effect of element pat-

terns on grating null,.. it i, well f known that an array with elements more

than a half wavelength ," uhiect to grating lobe effects. In the

context of adaptive iv ry, it r nq libe effects manifest themselves in

the form of spurious n,!; Tha, is, interference nulled by the array at

one angle may rause additionil nills ("orating nulls") at other angles.

If the desired siqndl i, near a qratinq null, the output signal-to-noise

ratio from the array will he poor.

In this study, we used simple arrays of dipoles to show several thinas.

First, having uneaual element patterns in the array tends to reduce the

effects of conventional grating nulls. Second, however, unequal element

patterns can create other spurious nulls in addition to conventional qrating

nulls. (We refer to these extra nulls as sian-reversal grating nulls.)

Third, it turns out that for a two-element array with dipole patterns, it

is impossible to avoid grating nulls for spacings greater than a half wave-

length. Finally, however, we have shown that grating nulls can be avoided

hy using more than two elements, even with wide element spacing, if the

element patterns are properly chosen. A paper has been written on this
2

subject and has been submitted for publication
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The second problem we have investiqated concerns the effects of element

and signal polarization on the performance of the system. When realistic

element patterns are assumed in an adaptive array, it is also necessary

to consider the effect of siqnal polarization, since the subject of element

patterns cannot be divorced from the subject of polarization in any but

a few simple cases.

In this work, we have studied the performance of some simple adaDti-e

arrays in which the elements have different polarizations. We find that

adding polarization flexibility to the antenna system greatly enhances the

performance of the system. For example, an adaptive array with polarization

flexibility can null interference from the same direction as the desired

signal, as long as the polarizations of the two signals are different.

This capability greatly complicates the problem of designing an effective

jammer against such an adaptive array.

Two papers on the performance of adaptive arrays with polarization

flexihility are in prepiration. One describes the performance of an array

of two pairs of crossed dipoles and the other an array usinq three mutually

perpendicular dipoles at one location. (We call this last antenna the

"tripole antenna".)

The initial studies described above were done under JSEP fundinq. How-

ever, this work is now being continued under RADC Contract F3060-7Q-C-n06R.

At present we are studyinq the effects of element spacinq and patterns in

more general situations, i.e., with elements dispersed in a three-dimen-

sional volume. The objective is to develop general design techniques for

choosing patterns and qeometries.



3. Pointinq Accuracy in a Steered-Beam Array

A desired signal can be tracked with an adaptive array in two ways.

One can either use a reference signal in the array feedback, with the LMS

algorithm , or one can inject steerinq weights into the feedback loops,
4as originally suggested by Applebaum

In the LMS array, using a proper reference signal (correlated with

the desired signal) causes the array to maintain a strong pattern response

(usually a beam maximum) in the desired signal direction. One does not

need to know the desired signal direction to do this. However, generating

a suitable reference signal can be a difficult task. Several problems exist.

First, there must be some way to process the array output signal so the

desired signal is preserved and the interference is decorrelated. Second,

there is usually an acquisition problem. The frequency of the incoming

lesired signal and often the timing of a pseudonoise code or other tagginq

modulation are unknown and must be determined before reference signal aen-

eration can begin. Third, it must he possible to start reference signal

qeneration in the presence of interference and before the array nulls the

desired signal. Finally, qenerating the reference signal, even when nos-

sihle, usually requires a great deal of electronic circuitry behind the

array. Although suitable reference signal qeneration technigues have been

found for a few types of comnunication systems ' I, for many other types

of system there simply does not appear to be any way to obtain a reference

signal.

The second way to steer the beam in an adaptive array is to insert

steering weights into the array feedback loops, as described by Anplehaum .

This ipproach is vastly simoler, since no reference signal is required at

,ill. The only difficulty with this approach is that the designer must know

where to point the beam. He must know the desired signal arrival anqle.
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Because of the simolicity of the steercd beam array, compared to the

LMS array with a reference signal, it is certainly the most desirable ap-

proach if the desired signal arrival angle is known. However, in manv de-

sign situation the signal direction may he known approximately, but not

exactly. Or, it may he possible to estimate the signal direction7 , and the

estimate may include estimation error. For this reason, it is of interest

to determine how well a steered beam array will perform when the beam point-

ing angle is in error. That is the subject we have addressed under this

study.

A study was done to determine the performance of a steered-beam adaptive

array as a function of the beam pointing error. A paper has been written

on this subject8 and submitted for publication. The paper shows several

things. First, to obtain full gain from the array, the beam angle must

he extremely close to the correct direction when the signal power is high.

Tecond, the beam pointing error that can be lolerated is essentially a question

of dvnamic range: the greater the desired signal dynamic range that must

he accommodated by the array, the smaller the pointinq error must he. Third,

the Paper compares the steered beam array performance with that of a power

inversion array and an LMS array. It shows that the steered beam array

performs better than the power inversion array even with quite large noint-

inq errors, but poorer than the LMS array for any nonzero pointino error.

Finally, the paper shows that with interference present, the performance

of the steered beam array is less sensitive to pointing errors than without

the interference.

1. The Power Optimization Technique in Adaptive Arrays

The final area in which research has been done concerns the problem

of signal acquisition with an adaptive array. Refor, a (i',, r~ d signal has

beem acquired, it is not possible to oenerate a rpf-ferenco sional for the

LMS adaptive array. Some alternative method must ho usto to allow the ac-

quisition circuitry to acquire signal frequency, code timing, etc., during
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initial lockup. The study described here was none to address this prohlem.

A different way of controlling the array weights was found that can protect

a desired signal from an interfering signal without the need for a reference

signal. The technique is based on a different weight control algorithm

than the LMS algorithm. The new algorithm either maximizes or minimizes

the array output power, subject to a constraint on the weights to prevent

them from going to zero if infinity. If the desired signal is stronqer

than the interference, the algorithm is used to maximize outnut power.

If the desired signal is weaker, it is used to minimize power. In either

case, thp output siqnal-to-interference-plus-noise ratio is maintained ahove

a miMumim level. A paper describinq this new weight control algorithm and
0

its application has heen written and submitted for publication
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APPENDIX I

PROJECT TITLES AND ABSTRACTS

P roect 529081 improvement of Antennas for Underground Radar

(Terrascan)

The objective of this program is to improve the sensing heed

(antenna) of the Terrascan underground pipe detector developed

previously for Columbia Gas and manufactured by Microwave Associates.

Project 784299 CTS/Comstar Communications Link Characterization

Ex per i rn en t

The objectives of this study are: a) continuation of angle of

arrival measure-erts using the Comstar D-3 28.56 GHz beacon, and

b) measurement 5f antenna gain degradation.

Project 784569 Analysis of Electrically Thin, Dielectric Loaded,

Cavity Backed Radiators

During this third and final year of the program the objective

has been to obtain a mathematical model and computer code to analyze

dielectric filled cavity-backed antennas.

Pro ect 78458c Technique for Optical Power Limiting

"hi, is a classified program. V
Project /'45 ,5? An Advanced Prototype System for Loca t i nq and Map,,i rg!

Lrderqround Obstacles

The oec e(:t-ve ol this ,rcgram is to develop a portable video
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pulse radar system for locating and mapping underground objects to

a depth of 10-15 feet. The emphasis is on improving signal processing

techniques and optimizing system performance to improve target

resolution.

Project 784673 Advanced Numerical Optical Concepts

The objective of this program is the development of the

technology for optical computing systems.

oject 784701 A Synergistic Investigation of the infrared Water

Vapor Continuum

This study proposes a thorough 3-year investigation of the water

vapor continuum absorption in the 8 im to 12 'im and in the 3.5 _m

to 4.0 ..m atmospheric transmission windows. This absorption has beer

the topic of several previous studies. However, serious questions

still remain and the need exists for a definitive study in order to

answer questions related to laser radiation propagation through the

atmosphere and also for optimization of infrared imaging and sensor

systems which depend on 10 pm infrared radiation. The Contractor

will use a multiline stabilized CO 2 laser and a spectrophone to

per-form precision measurements of the absorption by water vapor

broadened by nitrogen, oxygen and N2 -02  mixtures, over a 17-27o

temperature range.

Project 784722 Electromagnetic Mine Detection and Identification

Research in this study is directed toward the special design

of an impulse radar for the purpose of detecting buried mines.

or9



Project 710816 B-:k Funded Support for Electromagnetic Researcn

nis is research in the area of electromagnetic radiation ard

scdttering includ--j: (1) extension of the Geometric Theory of
~°

Diffraction (GTD) 'or convex surfaces, edges, vertices and time

domain solutions; '2) the GTD combined with the Method of Mo-ents

(MM); (3) extensi - of MM codes utilizing polygon surface current

patches and wire,':3:ch attachment modes; (4) transient electro-

magnetic phenomere including target identification, radar imagery,

K-pu>se techniques nd scattering from a thin, circular disk; ard

(5) ada:)tive arra. studies including dynamic range enhancement,

beam :ointing acc "acy, and effects of element pattern and polari-

zation on adaptive 3rrav performance.

Project 710964 ,_a jsis of Airborne Antenna Patterns

The objectives f this program are to: (1) improve the

aircraft model for ar field pattern computations by considering

a more realistic vertical stabilizer; (2) study various ways to

model -ore general antenna types such as a monopole in the presence

of directors; (3) examine various flat plate simulation codes; and

(4) corn are varicus ;alculated results with measurements sunplied

by N ASA (-I ngley .

Proiect 711096 T',_ Effects

This is a classified program.

Project 711353 Ex:ending the Geometrical Theory of Diffraction

L!s- the Moment Method

ThIs i s a 3-, asic research program to develot the th 'oe
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for further extensions of the GTD using the moment method and to

implement that theory into computer programs so that the usefulness

of the research in various scattering and antenna problems can be

demonstrated.

Project 711510 Low Sidelobe Reflector Antenna Study

Far field patterns are to be calculated and compared with tre

measured patterns provided by AeroSpace Corporation for an availa:'e

offset reflector and available feed horn. This will provide a

verification of the theoretical models and computer codes to be used

in developing antenna designs for the desired low sidelobe

performance.

P-ro ct 711559 Study of Improved IFF Antern as

The objective of this research is to conduct a program that

will lead to a low profile or flush mounted antenna capable of

pointing a beam into each of the four quadrants in azimuth.

Project 711577 Application of the GTD to the Calculation of Aco~stic

Backscatter from Mine-Shaped Objects

The objective of this study is to prepare a summary report on

the application of the Geometrical Theory of Diffraction (GTD) to

the calculation of acoustic backscatter from mine-shaped objects.

Project 711587 Evaluation and Upgrading of the Antenna Calibration

Facility at the Measurements Standards Laboratory

The following items of work are included in a twelve-month study:

6 7
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(1) dnalyze the near field effects when measuring antenna gain at

close range; (2) evaluate the facilities and procedures used at

NAFS for antenna gain measurement; (3) recommend changes in procedures

and/or equipment which will minimize the errors identified in (2);

(4) fabricate a set of three similar corrugated horn antennas for

evaluation as an improved gain standard; and (5) initiate work to

determine the most suitable form for standard antennas for use in

calibrating radiation hazard meters in the frequency range 1 to 18

GHz.

Project 711588 On-Aircraft Antenna Pattern Prediction Study

The objectives of this program are: (1) to produce a capability

to analytically predict antenna patterns of on-aircraft mounted

complex antennas which are both mechanically and electronically

scanning; (2) to obtain predicted antenna patterns for several types

of antenna arrays utilizing previously existing computer programs

developed under Contract N62269-76-C-0554.

Project 711626 Investigation of Infrared Spectra of Atmospheric

Gases to Support Stratospheric Spectroscopic

Investigations

mine the chemical composition of the stratosphere. Test gases

include 03, N20 and CO2. Infrared absorption spectra of the gases

at stratospheric temperature and pressure conditions in absorption

cells are recorded in digital form using a high resolution Fourier

transform spectrometer system.
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Project 711639 Superdirective Arrays

The objective of this study is the development of computer

codes to analyze the performance of a circularly disposed super-

directive array with the appropriate feed network.

Project 711679 Jam Resistant Communications Systems Techniques

The objectives of this program include (1) development and

testing of a bit-synchronous time-division multiple-access digital

communications system suitable for use by a large number of sma'l

(airborne) terminals in conjunction with larger ground stations,

(2) the application of adaptive arrays for up-link antijam protection

of this system, and (3) development of techniques, circuits and

components for increased data rates, digital control, and inter-

ference rejection in high speed digital communications systems.

Project 711847 Communications Applications of Adaptive Arrays

Three areas of work are included in this study: 1) a study of

the weight jitter and dynamic range properties of the new adaptive

array feedback loop; 2) an extension of the work currently underway

on FSK signals; and 3) continuation of the preparation of a mono-

graph on adaptive arrays.

Project 711857 Digitization, Calibration and Analyses of GFE Aralog

Tapes

The objective of the program is to examine GFE analog tapes

and oscillograpn records, specify a digitization procedure compatible

6qIi
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I with the digitization facilities at AFWL, and analyze the digitized

tapes. The digitization is to be performed at AFWL.

Project 711930 Radar Cross Section Studies

The objective is to establish the GTD techniques required to

treat the radar cross section of missile and aircraft bodies.

Project 711964 Electrically Small Antennas

This three-year program of research into electrically small

antennas has three phases: Phase I - a basic study to develop

the theory, techniques and computer codes for electrically small

antennas mounted on a general structure; Phase 2 - a study to develop

the theory, techniques and computer codes for printed circuit

antennas; and Phase 3 - a study to compare the K-Pulse concept with

more conventional techniques for increasing the maximum data rate in

pulse communications using small antennas.

Project 712242 Formulate Quasi-Optical Techniques for Antennas at

UHF

The goal of this program is to increase the electromagnetic

effectiveness of Navy ships by developing low cost, integrated,

systematic EM design procedures.

Project 712257 Application of Optical Computing Techniques to Jet

Engine Control

This program involves the following tasks: 1) survey and

document control requirements for jet engines using information
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supplied by sponsor; 2) survey and document the field of optical

computing as applied to Jet engine controls; 3) generate a report

listing the various schemes and comparing them for speed, inform-

ation processing capability, and ability to withstand the necessary

environmental conditions; and 4) make recommendations as to the

scheme most likely to satisfy the requirements stated in 1).

Project 712331 Air-to-Ground Measurements, Processingand Analysis

of Moving Tactical Ground Targets

An experimental study is proposed of the modulation induced

by moving ground vehicles on the returns of a VHF airborne radar.

Automatic target and classification procedures developed at the ESL

using ground-based data will be extended to data obtained from the

airborne radar.

Project 712351 Antenna Pattern Test of Low RCS Antenna Configuration

The objectives are to determine if: 1) the resonant slots

introduced in a radome/antenna seriously distort the L and S band

patterns of the antenna; and 2) the L and S band antenna scribed on

the metallic radome seriously distorts the X band transmission

properties of the radome.

Project 712352 Surface Ship Classification Using H.F. Multi-

Frequency Radar

The objectives of this program are to: I) investigate the

development and testing of algorithms designed to provide automatic

classification and identification of the surface ship targets;
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2) make a quantitative appraisal of the effectiveness of the

classification algorithms the performance of these techniques as

a function of the number (or granularity) of simultaneous interro-

gating radar frequencies will be studied; and 3) integrate this

program with a program of full-scale multi-frequency measurements

of ships to be made with the NRL Sea Echo HF radar.

Project 712384 Analysis of Aero-Optical Turbulence Measurements

The purpose of this program is to extend present data on

altitude dependence of refraction index fluctuations pertinent to

optical propagation. This will be done by analysis of AFWL airborne

measurements of microthermal fluctuations.

Project 712398 Moment Method Antenna Analysis Techniques

The purpose of this project is to train Aerospace personnel

on the use and operation of Richmond's computer codes.

Project 712527 Research on Near Field Pattern Effects

The objective is to continue present efforts on aircraft

antenna computer code development in-terms of combining the volumetric

I pattern analysis for the fuselage with the multiple plate solutions

developed earlier. This solution must be efficient and of a form

that it can be adopted to the fuselage-wing junction analysis treated

previously.
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APPENDIX III
REPORTS PUBLISHED BY ESL OCTOBER 1978 TO OCTOBER 1979

783815-6 OPTIMUM FREQUENCIES FOR AIRCRAFT CLASSIFICATION, H.C. Lin &
A.A. Ksienski, January 1979.

783815-7 IDENTIFICATION OF CATALOGUED AND UNCATALOGUED CLASSES, H.C.
Lin, December 1978. Dissertation.

783815-8 INFORMATION PROCESSING FOR TARGET DETECTION AND IDENTIFICATION,
A.A. Ksienski, April 1979.

784311-9 ELECIRICALLY CMALL ANTENNA STUDIES - FINAL, E.H. Newman &
C.H. Walter, January 1979.

784346-4 DESIGN OF A METALLIZED RADOME FOR THE C-140 AIRCRAFT, T.W.
Kornbau, B.A. Munk & C.J. Larson, May 1979.

784346-10 RADOME PANELS OF SLOTTED ARRAYS LOCATED IN A STRATIFIED
DIELECTRIC MEDIUM, B.A. Munk & J.F. Stosic, June 1979.

784372-6 COMPUTER PROGRAM FOR THIN WIRE ANTENNAS MOUNTED ON A SATELLITE
BODY MODELED BY FLAT PLATES, D.L. Doan, G.A. Thiele & G. Chan,
December 1978.

784372-8 A FUNDAMENTAL INVESTIGATION OF A HYBRID TECHNIQUE FOR GENERAL
ELECTROMAGNETIC SCATTERERS AND ANTENNAS - FINAL, G.A. Thiele,
March 1979.

784460-5 METHOD FOR GREY SCALE MAPPING OF UNDERGROUND OBSTACLES USING

VIDEO PULSE RADAR RETURN, D.O. Stapp, December 1978. Thesis.

784460-6 MODIFICATION OF THE HEW UNDERGROUND ANTENNA BASED ON EXPERI-
784722-2 MENTAL STUDIES, L.W. Wald, January 1979. Thesis.

784460-7 APPLICATION OF A VIDEO PULSE RADAR SYSTEM TO DETECT TUNNELS AT
THE CURTIS SCHOOL YARD IN TRUMBULL COUNTY, OHIO, C.W. Davis, III
& L. Peters, Jr., January 1979.

784460-8 CHARACTERISTICS OF A VIDEO PULSE RADAR SYSTEM OPERATING IN THE
HIGH FREQUENCY WINDOW AT THE HAZEL A MINE NEAR GOLD HILL,
COLORADO, C.W. Davis, III & L. Peters, Jr., January 1979.

784460-9 A VIDEO PULSE RADAR SYSTEM FOR TUNNEL DETECTION, C.W. Davis, III
& R.D. Gaglianello, January 1979.

784460-11 SUMMARY OF STUDIES ON TUNNEL DETECTION RADAR SYSTEM - FINAL,
C.W. Davis, III & L. Peters, Jr., January 1979.

784490-2 CHARACTERIZATION OF SUBSURFACE ELECTROMAGNETIC SOUNDINGS,
D.L. Moffatt & L.C. Chan, January 1979.
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784508-12 ASYMPTOTIC HIGH FREQUENCY TECHNIQUES FOR UHF AND ABOVE ANTENNAS,
Annual Report - 1 August 1977 to 31 July 1978, R.C. Rudduck, R.J.
Marhefka, W.D. Burnside, R.G. Kouyoumjian & C.H. Walter, October
1978.

784508-13 ASYMPTOTIC HIGH FREQUENCY TECHNIQUES FOR UHF AND ABOVE ANTENNAS,
Quarterly Report - 1 August 1978 to 31 October 1978, R.C.
Rudduck, R.J. Marhefka, W.D. Burnside, R.G. Kouyoumjian & C.1'.
Walter, January 1979.

784508-14 NUMERICAL ELECTROMAGNETIC CODE (NEC) - BASIC SCATTERING CODE:
PART IT: CODE MANUAL, F.W. Schmidt & R.J. Marhefka, September
,979. Thesis.

784508-15 ASYMPTOTIC HIGH FREQUENCY TECHNIQUES FOR UHF AND ABOVE ANTENNAS,
Quarterly Report - 1 November 1978 to 30 April 1979, R.C.
Rudduck, R.J. Marhefka, W.D. Burnside & C.H. Walter, May 1979.

784508-16 NUMERICAL ELECTROMAGNETIC CODE (NEC) REFLECTOR ANTENNAS
CODE: PART IT: CODE MANUAL, S.H. Lee & R.C. Rudduck, Sentember
1979.

784bO8-18 NUMERICAL LLECTROIAGNETIC CODE (NEC) BASIC SCATTERING CODF:
PART I: USFR'S MANUAL, R.J. Marhefka & W.D. Burnside, September
19179.

7i4508-19 NUN[IRICAL LLECTROMAGNETICS CODF (NEC) - REFLECTOR ANTENNA CODE:
PART I: USER S MANUAL, R.C. Rudduck & SH. Lee, September 1979.

784508-20 ASYMPTOTICF HIGH FREQUENCY TECHNIQUES FOR UHF AND ABOVE A,,,.. ENNAS -

FINAL, R.C. RudduCk, R.J. Marhefka, W.D. Burnside, R.G.
Kouyoumjiian & C.H. Walter, September 1979.

184'68-2 RADAR IDENTIFICATION OF NAVAL VESSELS - FINAL, D.L. Moffatt &
C.M. Rhoads, April 1979.

7U456(1-7 CO. - IDERATIONS FOR EFFICIENT WIRL,'SURFACE MODELING, Technical
Report, 1 July 1978 to 31 December 1978, E.H. Newnan & E.M.
Pozar, December 1)7,,.

784569-8 ANALYSIS OF THE LECTRICALLY THIN, DIELECTRIC LOADED, CAVITY
BACKED RADIATOR, SCml1i-ann Lia] Rto LO-t - I lUI1 119718 to 31 D e ,ei -"e I
1]?8 , F.H. Newman, lanuary 1979.

-0 ANAIYSIS OF ', ANTENNAS MOUNTEP NEAR OR AT THE [DG[ OF A
HALF-PLANE, P.M. Pozar & L.H. New]an U, .Augu t 1979.

,<A:n9- 10 ANALY>'> OF ELECTRICALLY iilN Di iLECTkI 'C LOADE-,C ,V I Y B ACiL
RADIATOR, Sei -arnial Report - 1 , 1.inia,. I 71 tO 30 JiO 1Y 7
_h.. Newia n , August 1_') .
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784583-4 A UNIFnPA uiu ANALYSIS OF THE SCATTERING OF ELECTROMAGNETIC
WAVES BY A SMOOTH CONVEX SURFACE, P.H. Pathak, W.D. Burnside
& R.J. Marhefka, April 1979.

784583-7 AN ANALYSIS OF THE MUTUAL COUPLING BETWEEN ANTENNAS ON A SMOOTH
CONVEX SURFACE - FINAL, P.H. Pathak & N.N. Wang, October 1978.

784641-2 RADIATION BY SOURCES ON PERFECTLY CONDUCTING CONVEX CYLINDERS
WITH AN IMPEDANCE SURFACE PATCH - FINAL, L. Ersoy & P.H. Pathak,
June 1979.

784659-5 "RADIATIVE" TRANSMISSION LINE ANALYSIS - FINAL, R.J. Garbacz,
J. Richmond, T. Bran, M. Kuznetsov & F. McQuillin, January 1979.

784677-] SWEPT FREQUENCY SCATTERING MEASUREMENTS OF AIRCRAFT, K.A.
Shubert & D.L. Moffatt, January 1979.

784677-2 RADAR TARGET IDENTIFICATION - FINAL, D.L. Moffatt, K.A.
Shubert & E.M. Kennaugh, January 1979.

784698-] RADAR CROSS SECTION FOR STANDARD CYLINDER TARGETS AND TARGET
SUPPORT - FINAL, R.C. Rudduck, S.H. Lee & T. Jirapunth,
October 1978.

784701-4 A SYNERGISTIC INVESTIGATION OF THE INFRARED WATER VAPOR
CONTINUUM - Semi-annual Report - 1 April 1978 to 31 December
1978, R.K. Long & R.J. Nordstrom, January 1979.

784701-5 TROPOSPHERIC WATER VAPOR ABSORPTION IN THE INFRARED WINDOW
REGIONS, M.E. Thomas, August 1979. Dit2ertation.

784713-1 THE SURFACE CURRENT AND CHARGE DENSITY INDUCED ON FINITE
CYLINDER MOUNTED NEAR A PERFECTLY CONDUCTING GROUN n PLANE -

FINAL, E.D. Greer & W.D. Burnside, October 1978.

784719-1 SUPERDIRECTiVE CODE WITH CONSTRAINTS - FINAL, E.H. Newman,
October 1978.

784720-2 A STUDY OF SEVERAL APPROXIMATE THEORIES FOR CALCULATING THE
REFLECTION OF ACOUSTIC PLANE WAVES FROM ELASTIC PLATES,
K.F. Graff, C.A. Klein & R.G. Kouyoumjian, 15 December 1978.

784720-3 ACOUSTIC SCATTERING MODEL - FINAL, R.G. Kouyoumjian,
December 1978.

7e;4722-1 SUBSURFACE ELECTROMAGNETIC MINE DETECTION AND IDENTIFICATION,
L.C. Chan & L. Peters, Jr., November 1978.

/847?2-? MODIFiCATION OF THE HFW UNDERGROUND ANTENNA BASED ON EXPERI
S/M.44 0-) MENTAL STUDIES, L.W. Wald, ,nuary. Thesis.

/412-? YIlViURFACE ELLCTROMAGNNLC IC TARGET CIARACTERI7ATION AND
IDI.NTIFICATlN, L.C. Chan, June 1979. Dissertation.
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784785-1 BASIC RESEARCH IN THREE-DIMENSIONAL IMAGING FROM TRANSIENT
RADAR SCATTERING SIGNATURES, J.D. Young, R.A. Day, F.B. Gross
& E.K. Walton, July 1978.

784785-2 AUTOMATED IMAGING OF CONE-LIKE TARGETS FROM TRANSIENT RADAR
SIGNATURE DATA, R.A. Day, March 1979. Thesis.

784785-4 APPLICATION OF PHYSICAL OPTICS INVERSE DIFFRACTION TO THE
IDENTIFICATION OF CONES FROM LIMITED SCATTERING DATA,
F. Gross, June 1979.

784785-5 BASIC RESEARCH IN THREE-DIMENSIONAL IMAGING FROM TRANSIENT
RADAR SCATTERING SIGNATURES - FINAL, J.D. Young, June 1979.

710300-4 A LOOP FOR TRACKING THE FREQUENCY OF A PULSED SINUSOID, R.J.
Huff & D.W. Herr, September 1978.

710300-5 ADVANCED TDMA TECHNIQUES AND BIT SYNCHRONOUS DESIGN AND ARRAY
COMPONENT EVALUATION, W.G. Swarner, April 1979.

710660-2 ELECTROMAGNETIC SCATTERING FROM A SHIP AT SEA, J. Huang &
W.H. Peake, September 1978. Dissertation.

710816-1 JOINT SERVICES ELECTRONICS PROGRAM - Annual Report, December
1978.

710816-2 THE CALCULATION OF FAR FIELD SCATTERING BY A CIRCULAR METALLIC
DISK, D.B. Hodge, February 1979.

710816-3 ELECTROMAGNETIC SCATTERING BY A METALLIC DISK, D.P. Mithouard
& D.B. Hodge, September 1979. Thesis.

710929-4 COMMUNICATION APPLICATIONS OF ADAPTIVE ARRAYS, R.T. Compton,

Jr., October 1978.

710929-5 COMMUNICATION APPLICATION OF ADAPTIVE ARRAYS - FINAL, R.T.
Compton, Jr., January 1979.

710953-1 ANALYSIS OF AERO-OPTICAL TURBULENCE MEASUREMENTS - FINAL,
C.A. Levis & J.P. Serafin, October 1978.

710964-2 ANALYSIS OF PRIVATE AIRCRAFT ANTENNA PATTERNS, K.W. Burgener
& W.D. Burnside, January 1979.

710964-3 TWO-DIMENSIONAL ANALYSIS OF HIGH FREQUENCY SCATTERING FROM A
THIN LOSSLESS DIELECTRIC STRIP, K.W. Burqener & W.D. Burnside,
August 1979.

7113J5-I ANALYSIS OF AIRCRAFT SIMULATIONS SING AN I L.IIPTIC CYI.INOFR
AND ML ITIPLE PLATES, W.D. Burnside, N. Wang & E.L. Pelton,
April 1079.
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711639-1 MONOPOLE ANTENNA ON CIRCULAR DISK, J.H. Richmond, July 1979.

711639-2 MONOPOLE ANTENNA ON CIRCULAR DISK OVER FLAT EARTH, J.H. Richmond,
July 1979.

711639-3 MONOPOLE ANTENNA MOUNTED ECCENTRICALLY ON CIRCULAR DISK OVER
FLAT EARTH, J.H. Richmond, July 1979.

711679-1 THE PERFORMANCE OF A SAMPLED DATA DELAY LOCK LOOP IMPLEMENTED
WITH A KALMAN LOOP FILTER, H.S. Eilts, March 1979. Thesis.

711847-1 COMMINICATION APPLICATION OF ADAPTIVE ARRAYS, Quarterly Report,
R.T. Compton, Jr., June 1979.

711847-2 POWER OPTIMIZATION IN ADAPTIVE ARRAYS: A TECHNIQUE FOR INTER-
FERENCE PROTECTION R.T. Compton, Jr., July 1979.

711847-3 COMMUNICATION APPLICATION OF ADAPTIVE ARRAYS - Quarterly
Report, R.T. Compton, Jr., September 1979.
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ESL PAPERS PUGLISHED OCTOBER 1978 TO OCTOBER 1979

ADAPTIVE ARRAY BANDWIDTH WITH TAPPED DELAY-LINE PROCESSING, W.E. Rodgers &
R.T. Compton, Jr., Reprinted in IEEE Transactions on Aerospace and Electronic
Systems, Vol. AES-15, No., pp. 21-28, January 1979.

ADMITTANCE OF INFINITELY LONG CYLINDRICAL 41RE WITH FINITE CONDUCTIVITY AND
MAGETIC-FRILL EXCITATION, J.H. Richmond, Reprinted in IEEE Transactions
on Antennas and Propagation, Vol. AP-27, No. 2, pp. 264-266, MarcN 1979.

ANOMALOUS BEHAVIOR OF NEAR FIELDS CALCULATED BY THE METHOD OF MOMENTS,
K.R. Demarest & R.J. Garbacz, Reprinted in IEEE Transactions on Antennas
and Propagation, Vol. AP-27, No. 5, pp. 609-614, September 1979.

BACKSCATTER OF A LARGE ROTATING CONDUCTING CYLINDER OF ARBITRARY CROSS
SECTION, C.W. Chuang, Reprinted in IEEE Transactions on Antennas and
Propagation, Vol. AP-27, No. 1, pp. 92-95, January 1979.

A CHARACTERIZATION OF SUBSURFACE RADAR TARGETS, L.C. Chan, D.L. Moffatt &
L. Peters, Jr., Reprinted in Proceedings of the IEEE, Vol. 67, No. 7,
pp. 991-1000, July 1979.

THE CIRCUMFERENTIAL VARIATION OF THE AXIAL COMPONENT OF CURRENT IN CLOSELY
SPACED THIN-WIRE ANTENNAS, P. Tulyathan & E.H. Newman, Reprinted in IEEE
Transactions on Antennas and Propagation, Vol. AP-27, No. 1, pp. 46-50,
January 1979.

CORRECTION TO "ELECTROMAGNETIC MODELING OF COMPOSITE WIRE AND SURFACE
GEOMETRIES", E.H. Newman & D.M. Pozar, Reprinted in IEEE Transactions on
Antennas and Propagation, Vol. AP-26, No. 6, pp. 784-789, N ovember 1978.
Vol. AP-27, No. 4, July 1979.

EFFECTS OF OXYGEN ADDITION ON PRESSURE-BROADENED WATER-VAPOR ABSORPTION
in the lO- :m REGION, R.J. Nordstrom, M.E. Thomas, J.C. Peterson, E.K. Damon
& R.K. Long, Reprinted in Applied Optics, Vol. 17, pp. 2724-2729,
1 September 1978.

FLECTROMAGNETIC MODELING OF COMPOSITE WIRE AND SURFACE GEOMETRIES, E.H.
Newman & D.M. Pozar, Reprinted in IEEE Transactions on Antennas and Propa-
gation, Vol. AP-26, No. 6, pp. 784-789, November 1978.

AO0DL MATCHING ANALYSIS OF BIPLANAR SLOT ARRAYS, R.J. LueiPers & B.A. ,Munk,
Reprinted in IL I Transactions on Antennas and Propagation, Vol. AP-27,
No. 3, pp. 441-443, May 19/9.

PI.ANE-AAVi LXPANSION FOR ARRAYS OF ARITTRARILY ORIENTID El LCLWISL LINEAR
ELLMINTS'T AND ITS APPLICATION IN DLTC.RMINING THE IMPEDANCE OF A SINGLE
LINIEAR ANTL,4;A IN A LOSSY HALF-SPACI, !,.A. M Eunk . G.A. Piurrell , Ruprintcd
in ILLL T'ansactionV, on Antenn, and ['ropaqation, Vol. AP-Z7 , No. 3,
pp. 331-'43, May 1979.

70

' 
'
!



PULSL PROPAGATION IN LOSSY MEDIA USING THE LOW-FREQUENCY WINDOW FOR VIDEO
PULSE RADAR APPLICATION, G.A. Burrell & L. Ppters, Jr., Reprinted in Pro-
ceedings of the IEEE, Vol. 67, No. 7. pp. 981-990, July 1979.

SCATTERING FROM PERIODIC ARRAYS OF CROSSED DIPOLES, E.L. Pelton & B.A.
Munk, Reprinted in IEEE Transactions on Antennas and Propagation, Vol.
AP-Z7, No. 3, pp. 323-330, May 1979.

UP-LINK SYMBOL-SYNCHRONOUS TDMA SATCOM SYSTEM ARCHITECTURES, R.J. Huff,
ILEE, pp. 40.3.1-40.3.5, 1978

VERTICAL INCIDENCE ABSORPTION CALCULATED USING ELCCTRON DENSITY PROFILES
FROM ROCKET EXPERIMENTS AND COMPARISON WITH OBSERVATIONS DURING THE WINTER
ANOMALY, L.G. Smith, E.K. Walton & E.A. Mechtly, Reprinted in Journal of
Atmospheric &Terrestrial Physics, Vol. LO, pp. 11I6-1197, 1978.

WATER VAPOR-NITROGEN ABSORPTION AT CO2 LASER FREQUENCIES, J.C. Peterson,
M.E. Thomas, R.J. Nordstrom, E.K. Damon & R.K. Long, Reprirted in Applied
Optics, Vol. 18, pp. ' 34-841, 15 March 1979.

iLI

13



DATE

FILME7


